There have been only a few studies that allow us to estimate the contribution of reservoirs to 14 greenhouse gas budgets. In particular, information is limited for understanding the 15 
middle of the growing season. This reservoir is mainly used as the domestic water supply for 1
Beijing. The water quality is controlled to level II according to Environmental Quality 2 Standards for Surface Water of People's Republic of China GB3838-2002 (levels are rated on  3   a  scale  I  to  V,  where  level  I  is  the  cleanest,  available  at:  4 through a 100 mesh sieve), pH of 1:5 soil-water extractions were measured using a pH meter 23 (IQ160, Hach, USA) while soil total carbon (TC) and nitrogen (TN) was analyzed using an 24 elemental analyzer (vario MACRO cube, Elementar, Germany). Soil bulk density was 25 measured following Chinese national standards NY/T 1121. 4-2006 4- (MAPRC, 2007 . 26
Statistical analysis 27
Flux differences were tested using a three-way ANOVA, and then using LSD for multiple 28 comparisons (Table 2 and sampling plots in about one-third of the cases (n=739, p<0.001). In ANOVA (Table 2) ) were observed on 27 farmland of NF (Fig. 4) . Besides SF, where the highest emission occurred in late autumn, 28 other high emissions were observed in the warm season, July and August in particular (Fig. 29 5) . 30
Relationships between flux and environmental parameters 1
Rank correlation analysis was carried out between N 2 O flux and environmental parameters, 2 but the coefficients were no higher than 0.38 (Table 3) . For more information, correlation 3 analysis was also done separately at each water level. The correlations were different among 4 water levels and higher coefficients were shown between flux and air temperature in several 5 cases (Table 1R) . Linear correlations can hide important non-linear features and so 6 scatterplots are also shown, where log10 flux was plotted against air temperature and soil 7 NO 3 - (Fig. 6 ). As fluxes were often negative (and significantly less than zero, implying a sink 8 for N 2 O), we carried out a separate analysis of negative fluxes. Piecewise correlations were 9 found between log10 flux and air temperature (Fig. 6 ). For positive fluxes, there was a 10 negative correlation (p=0.03, n=65) when the air temperature was from 5.2 °C to 18.7 °C but 11 a positive correlation (p<0.01, n=175) when air temperature was from 18.7 °C to 31.1 °C. For 12 negative fluxes, there was a positive correlation (p<0.01, n=43) when the air temperature was 13 from 5.2 °C to 17.6 °C and a insignificant negative correlation (p=0.12, n=41) when air 14 temperature was from 17.6 °C to 31. 
N 2 O flux 24
Variations of N 2 O fluxes were compared at different spatial and temporal scales (Fig. 4 and 25 Table 2 ). Significant differences were observed among water levels and sampling months, but 26 not among times of day. Diurnal variation in N 2 O flux over lakes and reservoirs has seldom 27 been discussed. However diurnal variation in other aquatic system also seems to be 28 insignificant (Xia et al., 2013) . Further research is required on the infrequently-studied diurnal 29 variation in N 2 O flux. We may expect soil microbes to respond to temperature, and given aN 2 O flux. We assume that the reason for a lack of response is that the microbial population is 1 mostly deep in the soil/sediment/water system, where temperature variations are much smaller. 2
The mean flux from the littoral zone of the Miyun reservoir was 6.8 µg m . Negative fluxes were observed in about one-third of the cases, 4 demonstrating a process of N 2 O consumption to be occurring. It is generally acknowledged 5 that under certain conditions the capacity of soil to be a sink for N 2 O can, through 6 denitrification, exceed its capacity to emit N 2 O (Baggs and Pilippot, 2010). . 7
How do these fluxes compare to those reported from elsewhere? Our fluxes are comparable to 8 those from the littoral zone of temperate-zone lakes, for example, a shallow lake in Eastern 9
Austria (Soja et al., 2014) . However, in most of the cases, our fluxes were lower, as shown by 10 the following comparisons. One similar-latitude lake, Lake Baiyangdian, had nearly 10 times 11 higher N 2 O emissions, averaging 58 µg m -2 h -1 (Yang et al., 2012) . Higher emission also been 12 reported in the littoral zone of lower-latitude sites, for example the Three Gorges Reservoir 13 (Table 4 ). The seriously eutrophic Taihu Lake (latitude: 30°N) had a broader extent ranging 14 from -278 to 2101 µg m -2 h -1 in the littoral zone (Wang et al., 2007) . Greenhouse gas 15 emissions from low latitude ecosystems are found to be higher than the corresponding 16 ecosystems at high latitude because of the temperature effects (Zhu et al., 2013) . The average 17 N 2 O emission found in the present research was lower than that reported for boreal and 18
Antarctic lakes (Huttunen et al., 2003; Y. Liu et al., 2011) . The low N 2 O emission of Miyun 19
Reservoir might be the consequence of relatively good water quality or high soil pH ( Van den 20 Heuvel et al., 2011) . 21
As for the case of CH 4 , N 2 O emissions from the littoral zone has been reported to be greater 22 than for the pelagic zone (e.g. Huttunen et al., 2003 and see with our previous findings, where the warming ratio of CH 4 :N 2 O was 1.5 (Li et al., 2014) . But 8 in our earlier report, N 2 O variation was investigated with a water recession process. 9
Significant increases (nearly up to 1000 times) were observed after sediment exposure of 5 10 months. The high emissions may be the result of soil water content declining to 60-90% 11 (Ciarlo et al., 2007) . In this research, the soil water content was not in this range at all, and 12 that may have biased the comparison. In general, the flux ratio of CH 4 to N 2 O in aquatic 13 environments varies considerably. For example, the CH 4 :N 2 O ratio of permanent flooded 14 areas at Poyang Lake was 1.1 (Liu et al., 2013) while the ratio was 0.6 for the pelagic zone of 15 a fluvial reservoir in central Indiana (Jacinthe et al., 2012b) . In a study which monitored the 16 flux of both littoral and pelagic zone of a temperate lake, the average CH 4 :N 2 O ratio is 7.2 17 (Soja et al., 2014) . For a freshwater marsh at northeast of China, it was found to be as high as leading to the reduction of N 2 O to N 2 (Liengaard et al., 2013; Pilegaard, 2013) . Our result did 30 not reject those possibilities when looking into the seasonal variation of N 2 O flux of seasonalflooded sites, they did not completely support that hypothesis either (Fig. 5(c) ). After 1 flooding, the fluxes of two sites (SF-A and SF-B) were no higher than before flooding and no 2 higher than their control sites. However, a single extraordinary observation showed the 3 highest emission during flooding (Fig. 5(c) , SF-C). A somewhat similar result was also 4 observed at an artificial wetland (Hernandez and Mitsch, 2006 ). An incubation study showed 5 both increasing N 2 O emission and stable emission during flooding at different treatments, i.e. 6 N 2 O emission of residue-incorporated soils, increased remarkably from the 6th to 30th days of 7 flooding and decreased to lower level than before flooding afterward. However, the N 2 O 8 emission of the soils with residues on the surface was stable before and during flooding 9 
Other environmental conditions 22
Positive correlations between N 2 O emission and temperature were reported in previous 23 studies (e.g. Wang et al., 2014) . But in this study we found both positive and negative fluxes, 24 and decided to fit a piecewise regression to the log-transformation data (Fig. 6 ). This complex 25 and non-linear picture might explain the low coefficients in the correlation analysis (Table 3) . 26 N 2 O production is generally caused by several processes, for example denitrification, 27 nitrification, nitrate ammonification and nitrifier denitrification. N 2 O consumption has been 28 much less studied (Baggs and Pilippot, 2010) . Some studies have found denitrification to be 29 the main contributor in N 2 O emission while some others pointed out that several processes 30 occurred simultaneously with a shifting dominance of processes caused by environmental 31 limitations, for instance soil moisture and O 2 availability (Kool et al., 2011; Zhu et al., 2013) . 32 1 to temperature, if not exceeded by biotic tolerance (Sierra, 2002; Veraart et al., 2011) . Our 2 complex N 2 O response to temperature supported the latter notion, i.e. multi-processes 3 occurring and competing during our sampling campaigns. Furthermore, it demonstrated that 4 the response of N 2 O production and consumption to temperature was at different rates (Xie et 5 al., 2003) . As some chambers within a treatment showed efflux whilst others showed influx, 6
we may presume that the substrate is patchy, over scales of a few metres, reflecting an 7 underlying heterogeneity possibly raised by decaying vegetation. 8
Negative relationships between N 2 O flux and O 2 are reported in both laboratory experiments 9 and field studies (Rosamond et al., 2012; Rubol et al., 2012; Zhao et al., 2014) . This is 10 explained by the fact that denitrification, which is activated in anoxic environments, is likely 11 controlling N 2 O emissions (Xia et al., 2013) . Our present result contradicted those previous 12 conclusions because a significantly positive correlation was observed between N 2 O flux and 13 water DO (Fig. 7) . N 2 O accumulation in the water column has been shown to depend not only 14 on production rate, but also on the extent of N 2 O reduction to N 2 by reductase enzymes (Zhao 15 et al., 2014 ). An incubation study showed that denitrifying activity decreased along with 16 decline of DO concentration, but the N 2 O producing activity increased because of less 
Conclusions 19
Finally, we return to our original hypothesis, which was: the littoral zone is a hot-spot of N 2 O 20 emissions that is influenced by seasonal changes in the water level. We find that the littoral 21 zone is indeed a hot-spot for N 2 O in the summer, especially when the shores of the lake are 22 used for opportunistic farming of maize. But in terms of the overall greenhouse gas budget, 23 Huttunen, J. T., Juutinen, S., Alm, J., Larmola, T., Hammar, T., Silvola, J., and Martikainen, 13 P. J.: Nitrous oxide flux to the atmosphere from the littoral zone of a boreal lake, J. Geophys. Ecol. Eng., 60, 150-154, doi: 10.1016 Eng., 60, 150-154, doi: 10. /j.ecoleng.2013 Eng., 60, 150-154, doi: 10. .07.049, 2013 Zhu, X., Burger, M., Doane, T. A., and Horwath, W. R.: Ammonia oxidation pathways and 7 nitrifier denitrification are significant sources of N 2 O and NO under low oxygen availability, 8 P. Natl. Acad. Sci. USA, 110, 6328-6333, doi: 10.1073 USA, 110, 6328-6333, doi: 10. /pnas.1219993110, 2013 Zschornack, T., Bayer, C., Zanatta, J. A., Vieira, F. C. B., and Anghinoni, I.: Mitigation of 10 methane and nitrous oxide emissions from flood-irrigated rice by no incorporation of winter 11 crop residues into the soil, Rev. Bras. Cienc. Solo., 35, 623-634, doi: 10.1590/S0100-12 Table 2 . ANOVA table to test the effects of water level, sampling month and time of day on 1 N 2 O flux. The category of farmland included 4 plots, i.e. SW-C, SF-C, SFC-C and NF-C, 2 which grown maize in the sampling growing season or the last growing season. The category 3 of non-farmland included other 11 spots (see Table 1 excluded farmlands, i.e. SW-C, SF-C, SFC-C and NF-C, which grown maize in the sampling 5 growing season or the last growing season (flat land along water edge of Miyun reservoir 6 always be used for opportunistic cropping by local farmer, more information see section of 7 study area). #: Just SFC-C and NF-C was used for calculation, where grew maize the whole 8 sampling time. §: Unpublished data. Hubei is the province where part of the Three Gorges 9
Reservoir is situated. Beijing is the city which includes the Miyun Reservoir. Maize, rice and 10 wheat are the first three crops in terms of area in China. Table 1 . There were 15 plots in total, four replicates in each plot, repeatedly sampled six 10 times in the year to cover different seasons and covering the transition in and out of the 11 flooding season. Also to capture diurnal variation, plots were repeatedly sampled seven times 12 per day . For more details on water depth and other environmental parameters, see Fig. 2 and 13 site. There was no soil water content data for July because of instrument malfunction. 7 Table  5 1 for details of vegetation). DW: deep water site; SW: shallow water site; SF: seasonally 6 flooded site; SFC: 'control site' for the seasonally flooded site; NF: non-flooded site. Bars 7 with different letters indicate a significant difference at p<0.05. Difference analysis of bars 8 with capital letters and small letters was done separately. 
